Abstract-Evaluation on the performance of relevant forcedirected algorithms is still a challenge, since layout quality is largely relying on personal judgement and/or methods' input parameters, and most aesthetics criteria conflict with each other. This study conducts the performance measurements of four algorithms in terms of seven commonly applied aesthetic criteria and demonstrates the experimental framework.
INTRODUCTION
Force-directed algorithms have been widely applied in graph drawing field. They treat graphs as physical systems, forces are applied to each element (vertex/edge), and the process stops when minimized energy is reached or a stop condition is determined [2, 3, 4, 5, 6, 7, 8, 14] . Forcedirected algorithms tend to draw graph aesthetically pleasing [9] . Yet achieving a better layout of a particular graph remains unclear, how to compare performance among those force-directed algorithms is still a challenge.
Brandenburg, Himsolt and Rohrer compared five forcedirected algorithms with less empirical evidence [11] Four general-purpose graph drawing methods were compared by Battista et al. but the force-directed approach was not involved in detailed experiments [13] . Hachul and Jünger investigated several methods for large graph drawing, however, criteria for layout performance judgment were 'pleasing' feature [13] . The performance comparisons of two force-directed algorithms in terms of six commonly applied aesthetic criteria were evaluated by Huang and Lin. The results indicate that not only the aesthetics that are supposed to be improved by the algorithm but also other aesthetics that are important to the overall visual quality of drawings [1] .
However, most studies lack empirical evidence and there are conflictions between most of the aesthetics criteria related to layout quality. In this paper, a case study was conducted based on practical raw data collected from the Australian stock market, to compare four force-directed approaches, in terms of seven aesthetic criteria in graph drawing.
II. EVALUATION FRAMEWORK
The evaluation framework is proposed as follows:
• Stock raw data collection from Australian Securities Exchange (ASX).
• Graph model conduction (sees [15] for data processing details).
• Force-directed algorithms selection. Four common force-directed algorithms applied for evaluation.
• Graph layouts generation.
• Measure and compare the aesthetic quality of the resultant drawings based on seven factors.
III. CASE STUDY
A. Force-directed Algorithms
Four algorithms were adopted in evaluation framework: Fruchterman and Reingold (FR), ForceAtlas (FA), ForceAtlas2 (FA2) and Linlog. Initial layouts for graph models were produced randomly. FR is simple, elegant, conceptually intuitive, and efficient, comes with uniform edge lengths [2] . FA aims at giving a readable shape to a network, it addresses providing a generic and intuitive way to spatialize networks. FA2 is based on FA but offers more options and innovative optimizations that make it a very fast layout algorithm. It was empirically observed that FA2 is at its best with strongly clustered networks. Noack proposed the Linlog energy models, whose minimum energy layouts reflect the cluster structure of graphs [7] .
B. Graph Models
In experimental evaluation, raw data were collected from the ASX, including 5088 stocks in Australia, ranges from 02/01/1997 to 30/06/2017; after data processing step, five connected/undirected/weighted graphs were finalized artificially based on cleansed raw data, to test the proposed framework then. Five graph models are:
• G1 = (V1, E1) (|V1|=115, |E1|=497); In our experiments, the following aesthetic criteria were applied for algorithm performance measurement:
• Cross#: Edge Crossing Number.
• Angle Size: Average size of crossing angles. The crossing angle criterion that maximizing crossing angles can make graph drawings more readable [10] . • Angular Res.: Angular resolution is measured as the average of differences between the smallest angle and the optimal angle for each vertex.
• Angular Dev.: The standard deviation of angular res.
D. Experimental Results
Four force-directed algorithms were applied on five graph models generated, and the final layouts were compared based on seven performance measurements described above. From Fig. 1 it can be seen that FA2 satisfies aesthetic criteria in graph drawing most, it excels in edge crossing reduction, angle size maximization and angle dev./dev.(90 o ), and conducts layouts well in edge dev.scale, angular res./dev. FR method can offer more uniformed edge length. In addition, the results show that layouts come with less angular resolution/deviation tends to have less edge crossing.
IV. CONCLUSIONS AND FUTURE WORKS
Based on practical structured data collected and finalized, our experiments compared four common force-directed algorithms, following seven aesthetics criteria, the early outcomes show that FA2 provides above 'average' performance layouts, come with less edge crossing and angular resolution etc. Those experimental results offer detailed measurements with empirical evidence other than only personal judgement. In our experiments, only highly structured data were involved, and several aesthetics factors have been measured, which may affect the final accuracy of experiment outcomes. And since most graph drawing aesthetics criteria conflict with each other, detailed forcedirect algorithm selection is still relying on specific requirements. In our future work, more factors such as time complexity and more data types will be considered.
